Abstract: Background: The in-depth traditional knowledge of medicinal plants is at risk of extinction due to the dependency on oral transmission, and as such, there is an urgent need to document such knowledge. This study aimed to document indigenous uses of medicinal plants among community members in the Ejisu-Juaben Municipality. Methods: Data was collected in 2016 from community members and local herbalists in the Ejisu-Juaben Municipality through a semi-structured questionnaire. Statistical tools and ethnobotanical indices, i.e., informant consensus factor (ICF), fidelity level (FL), and use value (UV) were used to analyse the data. Results: One hundred and six medicinal plants belonging to 45 families were reported to cure 68 different human diseases. The most frequently used plant part in this study was the leaves (52%). Decoction (57.5%) and oral administration (58.3%) were the most utilised herbal preparation and administration route respectively. Cleistopholis patens had the highest UV (0.54) with pain & fevers and skin diseases having the highest ICF values (0.88 and 0.85 respectively). Furthermore, new medicinal uses of Hilleria latifolia and ten other species were recorded for the treatment of the traditional local disease, aseram. Conclusions: The current knowledge and uses of medicinal plants are still high in the study area based on the high degree of consensus among informants. This study could allow for the preservation of knowledge and biodiversity of medicinal plants, both of which are threatened with extinction.
Introduction
Human beings have depended on plants and their products directly for food, shelter, and clothing, and indirectly for their contribution to sustaining the ecosystem [1, 2] . The efficiency of plant utilisation mm/year) and minor (900-1,120 mm/year) rainfall periods respectively. Temperatures are lowest in August (around 25°C) and highest in March (around 32°C). The municipality is 240-300 m above sea level with generally undulating topography. The estimated population is 143,762 with agriculture (62.5%) as the predominant economic activity, followed by commerce and services (31.7%), and industry (6.8%). Among the farmers, crop farmers are the majority (94.1%) with the remaining 5.9% engaging in mixed farming [37] . Electricity accounts for about 69.4% of the main source of lighting, while wood (44.5%) is the major of fuel for cooking for many households. Boreholes, pipe borne water, and rivers are the main sources of water for the inhabitants. The Ejisu-Juaben Municipality is ethnically homogeneous, with Akans' (82%) being predominant, and Christianity (84.1%) being the major religion [37] . In both 2012 and 2013, malaria, rheumatism, skin diseases, ulcers, respiratory tract infections, diarrhea, and anemia were among the top ten outpatient department cases in the municipality [37] . Even though there have been some advances in current health care in the municipality, some of the dwellers still rely on medicinal plants and traditional healers for their health needs. Consequently, the role of these traditional healers continues to remain relevant to local communities [38] . 
Questionnaire and Interviews with Local People
The survey was conducted from January-September 2016 to collect and document indigenous knowledge on the use of medicinal species in the Ejisu-Juaben Municipality. Semi-structured questionnaires (Supplementary File S1), field tours, personal interviews with 140 respondents based on standard ethnobotanical methods [39] [40] [41] were employed in this survey. The participants included various traditional healers and some local people who use medicinal plants in their households. We requested the voluntarily verbal consent of all informants in order to fulfil the seventh article of the Nagoya Protocol [42] . We assured the informants that the data obtained from this study would be used strictly for academic purposes. Opinion leaders and the local people were met, and the purpose of the survey was explained to optimize their participation. The questionnaire was designed in 
The survey was conducted from January-September 2016 to collect and document indigenous knowledge on the use of medicinal species in the Ejisu-Juaben Municipality. Semi-structured questionnaires (Supplementary File S1), field tours, personal interviews with 140 respondents based on standard ethnobotanical methods [39] [40] [41] were employed in this survey. The participants included various traditional healers and some local people who use medicinal plants in their households.
We requested the voluntarily verbal consent of all informants in order to fulfil the seventh article of the Nagoya Protocol [42] . We assured the informants that the data obtained from this study would be used strictly for academic purposes. Opinion leaders and the local people were met, and the purpose of the survey was explained to optimize their participation. The questionnaire was designed in English and administered in Twi, the major language spoken in the study area. Some of the information recorded during this study included the bio-data of the informants, local name(s) of utilised plants, plant parts used, sources of plants, preparation and administration routes, diseases treated, etc. (Supplementary File S2). In total, 140 informants were interviewed, with each meeting usually lasting between 1-4 h, which included plant collection during field-walks. Two or three members from each household usually took part in the interview. The interview sessions usually involved 2-3 members from each household including the informant. Gifts were given to informants in the form of toilet soap and washing powder as part of local custom to show appreciation and to encourage the participation of others.
Botanical Identification
Informants aided the collection of voucher specimens following plant taxonomic method [43] and deposited them at the herbarium of the Centre for Plant Medicine Research, Mampong-Akropong. The identification of voucher specimens was aided by local botanists and also by comparing with already authenticated specimens at the herbarium. In this study, the nomenclatures of the species were verified using the database available online at the International Plant Names Index at www.ipni.org (accessed on 12 October 2018).
Data Analysis

Statistical Analysis
Ethnobotanical data were then summarised and analyzed using Microsoft Office Excel ® (2010, Microsoft, Redmond, WA, USA) and IBM SPSS (version 20 software, IBM Corporation, Armonk, NY, USA) using descriptive statistical methods.
Preference Ranking
Fifteen key informants carried out preference ranking [39] of the ten most available and preferred medicinal plant and ailments commonly treated. The shortlist was made based on plant availability and effectiveness in treating a particular disease. An overall rank value for a species was obtained by summing up the values assigned to each species across by all key informants. The species with the highest total rank value was ranked first, followed by the next species in that order. The level of destructive impacts was used for priority ranking [39] by the 15 key informants to rank the different factor considered as threats to the availability of medicinal species in the municipality. The informants assigned values 0-5 to each of the factors with 0 for no impact and 5 for the most destructive.
Use Value (UV)
The relative importance attached to a given medicinal species in the study area was established using a quantitative method termed "use value" [44] . The use value (UV) was calculated using the Equation (1) below:
where UV denotes the use value of a particular medicinal species, Ui is the total number of use reports for a given medicinal plant by each informant, and N is the total number of respondents interviewed. A high use value for a species indicates the high use of the plant species, and a low use value indicates little use of the reported plant. The data was checked for homogeneity in the use of medicinal plants in the treatment of ailment categories among the informants in our study area by calculating the informant consensus factor (ICFj) as used by Heinrich et al. [45] . An ailment category with low (near 0) ICFj value indicates that plants used in that category were randomly chosen, or that there was less exchange of information about their usage among informants. On the other hand, a high (near 1) ICFj value for a category means that the plants used were carefully selected in the community, or that there was shared knowledge on plant uses among informants [46] . The informant consensus factor (ICFj) was calculated using the Equation (2) below:
where Nurj indicates the number of use reports in the ailment category j, and Ntj is the total number of taxa reported in the ailment category j by all respondents. A plant used to treat more than one disease in the same category was considered only once.
Fidelity Level (FL)
The Fidelity Level [47] was calculated for each of the preferred medicinal plants to evaluate the importance of a species for a given purpose. This evaluation was based on key informants who cited specific plants in the treatment of particular ailments. The fidelity level shows the proportion of the respondents claiming to use a specific plant for the treatment of a specific ailment category. The following equation (3) was used:
where Ip is the number of respondents who mentioned the usage of a plant to treat a particular disease, and Iu is the total number of respondents who cited the species for any use.
Ethics Approval and Consent
To participate in this survey, all participants gave their voluntary oral prior informed consent. No further ethics approval was required.
Results and Discussion
Demographic Features of Informants
During the survey, 140 respondents (males: 35.7% and females: 64.3%) aged between 28 and 85 were interviewed ( Figure 2 ). The average ages of the informants were 63 and 68 for males and females respectively. The most acquired form of education was primary or basic education (49.3%), while 38.6% of the informants had no formal education. About 10.8% of the informants had secondary education, with only 0.7% having acquired tertiary education. Christians (88.2%) were the majority among the informants while Muslims were 6.4%. Akans were the predominant ethnic group (94.3%), with others like Mamprusi (2.9%), Wangala (1.4%), Grusi (0.7%), and Krobo (0.7%) represented in small fractions. The majority of the informants (89%) attained their indigenous medicinal plant knowledge orally through the experience of mostly close relatives. The practice of orally acquiring knowledge about medicinal plants was also reported by [48] . In Sisala, Northwest Ghana, Wodah and Asase [34] , reported a similar mode of medicinal plant knowledge acquisition among traditional healers. Few of the respondents had received their indigenous knowledge directly from native healers (9%) and spiritual intuitions (2%). None of the informants obtained their knowledge through formal training. Results from our study showed that most of the respondents (41.6%) used medicinal plants because of their free availability, while 35.4% of the participants claimed that their use of medicinal plants was part of their culture. However, 16 .8% claimed that western medicine could not cure some diseases, while only 6.2% indicated western medicines resulted in too many side effects. Contrary to these findings, the majority of medicinal plant users in Rodrigues Island, Mauritius, claimed that they used medicinal plants as part of their culture [49] . There is, however, a report that medicines derived from plants are relatively safer than their synthetic counterparts, thus giving abstruse therapeutic benefits and less expensive treatment [50] . 
Medicinal Plant Diversity and Distribution
In the present study, we documented 106 medicinal plant species belonging 45 plant families, used in the treatment of 68 different human diseases in the Ejisu-Juaben Municipality. Medicinal plants mentioned by at least three respondents during the survey were considered. Almost all the reported species in the study had the same local name throughout the understudied communities in the Ejisu-Juaben Municipality. This gives a strong indication of homogeneity of vernacular nomenclature among inhabitants in the municipality, which is an essential aspect of indigenous knowledge transfer. The Fabaceae plant family (12) had the highest number of species, followed by 
In the present study, we documented 106 medicinal plant species belonging 45 plant families, used in the treatment of 68 different human diseases in the Ejisu-Juaben Municipality. Medicinal plants mentioned by at least three respondents during the survey were considered. Almost all the reported species in the study had the same local name throughout the understudied communities in the Ejisu-Juaben Municipality. This gives a strong indication of homogeneity of vernacular nomenclature among inhabitants in the municipality, which is an essential aspect of indigenous knowledge transfer. The Fabaceae plant family (12) had the highest number of species, followed by the Euphorbiaceae (9), Asteraceae (6), Poaceae (6), and Malvaceae (5) families.
The families of Apocynaceae, Bignoniaceae, Meliaceae, and Rutaceae (with four species each) together with Amaranthaceae, Anacardiaceae, Combretaceae, Rubiaceae, and Solanaceae (with three species each) were also represented ( Table 1 ). The other families had two or only one species recorded in this study. In other parts of Ghana, Fabaceae had high species representations among medicinal plants [15, 34, 35] . In Western Ghat, India [51] , Djibouti [52] , Burkina Faso [53] , and Uganda [17] , Fabaceae was also the predominant plant family among the documented medicinal plants. For each of the medicinal plants recorded in this study, scientific name, voucher specimen number and local name, plant parts used, traditional medicinal use(s), mode of preparation and administration routes, and use values were given. About 47% of the reported medicinal species used in the study area were collected from the bush (Figure 3 ). The informants also collected some of the reported species (21%) from croplands, and a few of the common species (18%) could be collected from virtually everywhere on the landscape. The majority of the species collected from croplands were cultivated plants grown extensively as food but also used for their medicinal properties when required. Plants used among traditional healers in Sisala were also mostly collected in the wild (55%) and from similar Ecozones found in this study [34] . In contrast, the majority of medicinal plant users in places surrounding the Bobiri Forest Reserve in the Municipality collected medicinal plants from their immediate surroundings [36] . 
Ailments Treated and Preferred Medicinal Plants Species
Through the native knowledge of medicinal plant users in the Ejisu-Juaben Municipality, information about the treatment of 68 different diseases (Table 2) were obtained. A wide range of ailments were treated by the species documented in this study, varying from one to seven per plant. The range of diseases treated by plants mentioned in this study expanded from one to seven diseases per plant. Momordica charantia (seven health conditions), followed by Cleistopholis patens, Newbouldia laevis, Ocimum gratissimum, and Alchornea cordifolia (six health conditions each) treated the highest number of diseases. In Algeria [54] , Uganda [17] , and Ethiopia [55] , single plants were reported for the treatment of multiple diseases among informants. Some of the local healers indicated two traditional infant diseases (aseram and asabera, as they are known in the Twi dialect) that have no clear biomedical equivalent. They claimed that these diseases are transmitted "spiritually" and considered as not-for-hospital diseases. A similar infant health condition, "Evil eye", described as an ailment of babies, or adults and in some occasions unborn babies as well, could be contracted when a person admired them ardently while secretly being jealous [56] .
According to the informants, "aseram" is characterized by green/black visible veins, a big head, and lean growth of the baby, whiles "asabera" has an extremely hot body, pale eyes, and frequent green, foamy bloody stools as major symptoms. Other childhood illnesses (puni, enfire yare, and ananosono) have also been identified and categorized as not-for-hospital diseases in Ghana [57, 58] . Obiri and Addai [59] reported the use of Crotalaria spp for the treatment of such traditional infant ailments. In this study, informants mentioned 13 medicinal species for the treatment of such childhood diseases, which, they perceive, cannot be treated at health facilities. Among these species, Hilleria latifolia (FL=100%), Tapinanthus bangwenis (FL=82.4%), Mallotus oppositifolius (FL=75%), and Lannea welwitschii (FL=66.7%) were commonly used to treat "aseram" while Eclipta alba (FL=58.8) and Vernonia amygdalina (FL=13%) were used in treating "asabera". Azadirachta indica was the most highlyranked species in the study area by key informants (15 traditional healers). A. indica was mentioned mainly for the treatment of malaria. 
According to the informants, "aseram" is characterized by green/black visible veins, a big head, and lean growth of the baby, whiles "asabera" has an extremely hot body, pale eyes, and frequent green, foamy bloody stools as major symptoms. Other childhood illnesses (puni, enfire yare, and ananosono) have also been identified and categorized as not-for-hospital diseases in Ghana [57, 58] . Obiri and Addai [59] reported the use of Crotalaria spp for the treatment of such traditional infant ailments. In this study, informants mentioned 13 medicinal species for the treatment of such childhood diseases, which, they perceive, cannot be treated at health facilities. Among these species, Hilleria latifolia (FL = 100%), Tapinanthus bangwenis (FL = 82.4%), Mallotus oppositifolius (FL = 75%), and Lannea welwitschii (FL = 66.7%) were commonly used to treat "aseram" while Eclipta alba (FL = 58.8) and Vernonia amygdalina (FL = 13%) were used in treating "asabera". Azadirachta indica was the most highly-ranked species in the study area by key informants (15 traditional healers). A. indica was mentioned mainly for the treatment of malaria.
The ranking of the ten preferred medicinal species according to our key informants, based on plant availability and effectiveness in treating the mentioned diseases, is in Table 3 . Four out of the ten preferred medicinal species were used in the treatment of malaria, and this indicated the importance of the disease and such plants in the municipality. Vernonia amygdalina ranked 4th in this study and is used to treat malaria, typhoid, "asabera" (a non-communicable spiritual ailment affecting children and causing severe fever); it was the most highly ranked species in Uganda for the treatment of malaria [17] . 
Plant Parts Used and Growth Forms of Medicinal Plants
Medicinal plants users including traditional healers in the study area used different medicinal plant parts for their herbal remedies preparations (Figure 4) . Most of the herbal medicines were prepared using leaves (52%) and bark of stems (17%). Root/root barks (12%) were also commonly used in herbal medicine preparation. The seeds, fruits, whole plant, flowers, and others plant parts like rhizome, cob, and cloves were cited less frequently. Inhabitants in other parts of Ghana including the Dangme West District [8] , Sisala East and West districts [34] , surrounding areas of Bobiri Forest Reserve [36] , and Kpando Municipality [60] also preferred the use of leaves in herbal medicine preparation. Also, a similar practice is reported in neighboring countries including Cote d'Ivoire [61] , Togo [62] , and Burkina Faso [53] . This high preference for leaves during plant medicine preparations was due to the availability and ease of collection [63, 64] .
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Medicinal plants users including traditional healers in the study area used different medicinal plant parts for their herbal remedies preparations (Figure 4) . Most of the herbal medicines were prepared using leaves (52%) and bark of stems (17%). Root/root barks (12%) were also commonly used in herbal medicine preparation. The seeds, fruits, whole plant, flowers, and others plant parts like rhizome, cob, and cloves were cited less frequently. Inhabitants in other parts of Ghana including the Dangme West District [8] , Sisala East and West districts [34] , surrounding areas of Bobiri Forest Reserve [36] , and Kpando Municipality [60] also preferred the use of leaves in herbal medicine preparation. Also, a similar practice is reported in neighboring countries including Cote d'Ivoire [61] , Togo [62] , and Burkina Faso [53] . This high preference for leaves during plant medicine preparations was due to the availability and ease of collection [63, 64] . Additionally, photosynthetic activities mostly occur in the leaves leading to the production of most bioactive substances that may result in the curative effects of medicinal species [65] . In contrast, roots were reported as the most exploited plant part in the Oshikoto Region in Namibia [66] and Eastern Nepal [67] . This discrepancy in plant parts usage may be the result of culture, species diversity, and bioactive substances found in the plant parts in those areas. However, the plant part(s) collected for herbal medicine preparations, as well as the frequency of harvesting and the amount harvested, could have an impact on the harvested plant [68] . The use of roots and the barks of roots and stems in the municipality make those species vulnerable to overexploitation. Some respondents cited the use of multiple plant parts for the preparation of herbal remedies. Various parts of R. vomitoria, C. patens and M. paradisiaca were combined during the preparation of herbal medicines. Nonetheless, such medicinal plants could be liable to overexploitation if such practice continues. The use of leaves, however, could be less destructive to plants when the frequency of harvesting and amounts collected are regulated. The results of this study show that the inhabitants of the study area mostly utilized trees (38%) for the treatment of various ailments and disorders, followed by herbs Additionally, photosynthetic activities mostly occur in the leaves leading to the production of most bioactive substances that may result in the curative effects of medicinal species [65] . In contrast, roots were reported as the most exploited plant part in the Oshikoto Region in Namibia [66] and Eastern Nepal [67] . This discrepancy in plant parts usage may be the result of culture, species diversity, and bioactive substances found in the plant parts in those areas. However, the plant part(s) collected for herbal medicine preparations, as well as the frequency of harvesting and the amount harvested, could have an impact on the harvested plant [68] . The use of roots and the barks of roots and stems in the municipality make those species vulnerable to overexploitation. Some respondents cited the use of multiple plant parts for the preparation of herbal remedies. Various parts of R. vomitoria, C. patens and M. paradisiaca were combined during the preparation of herbal medicines. Nonetheless, such medicinal plants could be liable to overexploitation if such practice continues. The use of leaves, however, could be less destructive to plants when the frequency of harvesting and amounts collected are regulated. The results of this study show that the inhabitants of the study area mostly utilized trees (38%) for the treatment of various ailments and disorders, followed by herbs (30%), shrubs (22%), climbers (5%), and grass species (5%) as shown in Figure 5 . In contrast, most of the medicinal plants in Cameroon [69] , Pakistan [70] , and Uganda [17] were herbs. Shrubs were, however, the predominant growth form of medicinal species in Ethiopia [71] and Djibouti [52] . The majority of medicinal plants cited in this study were either weeds (34%) or species in the wild (29%). This indicated that the majority of the medicinal plants in the understudied municipality have less protection from over-exploitation, and this does not encourage their conservation.
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Herbal Medicine Preparation and Route of Administration of Herbal Remedies
The respondents employed various herbal preparation methods to treat ailments in the EjisuJuaben Municipality. Our results showed that most of the herbal remedy preparations (57.6%) were formulated from a mixture of other plants or non-plant ingredients. A similar observation was made among traditional healers in Mascara (Algeria), where 51.4% of the reported species were used as mixtures with other materials [72] . It is believed that the use of medicinal plant mixtures can provide a positive synergic effect and also improve the taste or smell of the mixture [73, 74] . Among the 89 species that were cited in mixed herbal formulations, 25.8% were mixed with adjuvants such as honey, salt, Shea butter, alcohol, saltpetre, or charcoal ( Figure 6 ). Honey, Shea butter, and the local alcohol "akpeteshie" were the most cited adjuvants. The use of honey, milk, sugar, and other non-plant adjuvants in the preparation of herbal medicines have been reported in other studies [54, 72, 75] . Salt was usually used in our study area for herbal preparations against toothache and sore throat. A similar observation has been reported among traditional healers in the surroundings of Mabira Central Forest Reserve in Uganda [17] . Some of the respondents (traditional healers especially) revealed that the effectiveness of their herbal preparations would diminish if they showed the exact adjuvants added to their herbal formulations. It is a common practice for some traditional herbalist to guide their native knowledge by creating mystery around herbal formulations and dosages administered to patients [14, 76] . Secrecy is considered one of the primary obstacles facing the spread of traditional indigenous knowledge among inhabitants. This mystery of secrecy surrounding medicinal plants also blocks any attempts to reconcile the divide between herbalists and conventional medicinal system [77] . 
The respondents employed various herbal preparation methods to treat ailments in the Ejisu-Juaben Municipality. Our results showed that most of the herbal remedy preparations (57.6%) were formulated from a mixture of other plants or non-plant ingredients. A similar observation was made among traditional healers in Mascara (Algeria), where 51.4% of the reported species were used as mixtures with other materials [72] . It is believed that the use of medicinal plant mixtures can provide a positive synergic effect and also improve the taste or smell of the mixture [73, 74] . Among the 89 species that were cited in mixed herbal formulations, 25.8% were mixed with adjuvants such as honey, salt, Shea butter, alcohol, saltpetre, or charcoal ( Figure 6 ). Honey, Shea butter, and the local alcohol "akpeteshie" were the most cited adjuvants. The use of honey, milk, sugar, and other non-plant adjuvants in the preparation of herbal medicines have been reported in other studies [54, 72, 75] . Salt was usually used in our study area for herbal preparations against toothache and sore throat. A similar observation has been reported among traditional healers in the surroundings of Mabira Central Forest Reserve in Uganda [17] . Some of the respondents (traditional healers especially) revealed that the effectiveness of their herbal preparations would diminish if they showed the exact adjuvants added to their herbal formulations. It is a common practice for some traditional herbalist to guide their native knowledge by creating mystery around herbal formulations and dosages administered to patients [14, 76] . Secrecy is considered one of the primary obstacles facing the spread of traditional indigenous knowledge among inhabitants. This mystery of secrecy surrounding medicinal plants also blocks any attempts to reconcile the divide between herbalists and conventional medicinal system [77] .
Herbal remedy preparation methods such as decoction (58%) crushing (30%), grinding to use as an enema (21%), pounding to drink (13%), rubbing and squeezing (11%) were used (Figure 7a) . Chewing, bathing, eating, soaking in alcohol and mouthwashes were cited less. Oral administration (58%) was the frequently cited mode of administration (Figure 7b ). This was followed by topical applications such as body massage, smearing as body lotion, or tying onto the wound, bath (26%). In other parts of Ghana, oral intake was reported as the major route of herbal remedies administration [8, 15, 23, 34, 36] as it was in other countries [17, 26, 28, 55] . Furthermore, the use of enema (29%) was also a common recommendation among the respondents in the municipality. In Ghana, the use of enemas in traditional healthcare delivery is a common cultural practice. This was mostly prescribed for complications related to pregnancy, early child care, constipation, and other stomach related complications [78] . Herbal remedy preparation methods such as decoction (58%) crushing (30%), grinding to use as an enema (21%), pounding to drink (13%), rubbing and squeezing (11%) were used (Figure 7a) . Chewing, bathing, eating, soaking in alcohol and mouthwashes were cited less. Oral administration (58%) was the frequently cited mode of administration (Figure 7b ). This was followed by topical applications such as body massage, smearing as body lotion, or tying onto the wound, bath (26%). In other parts of Ghana, oral intake was reported as the major route of herbal remedies administration [8, 15, 23, 34, 36] as it was in other countries [17, 26, 28, 55] . Furthermore, the use of enema (29%) was also a common recommendation among the respondents in the municipality. In Ghana, the use of enemas in traditional healthcare delivery is a common cultural practice. This was mostly prescribed for complications related to pregnancy, early child care, constipation, and other stomach related complications [78] . Herbal remedy preparation methods such as decoction (58%) crushing (30%), grinding to use as an enema (21%), pounding to drink (13%), rubbing and squeezing (11%) were used (Figure 7a) . Chewing, bathing, eating, soaking in alcohol and mouthwashes were cited less. Oral administration (58%) was the frequently cited mode of administration (Figure 7b ). This was followed by topical applications such as body massage, smearing as body lotion, or tying onto the wound, bath (26%). In other parts of Ghana, oral intake was reported as the major route of herbal remedies administration [8, 15, 23, 34, 36] as it was in other countries [17, 26, 28, 55] . Furthermore, the use of enema (29%) was also a common recommendation among the respondents in the municipality. In Ghana, the use of enemas in traditional healthcare delivery is a common cultural practice. This was mostly prescribed for complications related to pregnancy, early child care, constipation, and other stomach related complications [78] . 
The Use Value (UV)
The use value (UV) indicates the relative importance of medicinal species to the plant users (Table 2) . In this study, the UV ranged from 0.02 to 0.54, with the species having the highest UV being Cleistopholis patens (0.54). Other species such as Ocimum gratissimum (0.37), Alstonia boonei (0.36), Senna occidentalis (0.35), and Azadirachta indica (0.33) also had high use value. These values are high compared to the use value indices reported for some medicinal species from Burkina Faso [79] . The high use value of each of these plants indicates that they are the best known, recommended, and utilized by the respondents, and this denotes the importance placed on these species. A high UV of plants can also indicate their abundance in the specific study area [51] . The lowest UVs (0.02) were reported among Lannea welwitschii, Elaeis guineensis, Baphia nitida, Mimosa pudica, Griffonia simplicifolia, and 15 other species. The reason for this low UV can be due to the limited information on the medicinal uses of these plants possessed by the informants.
The Informant Consensus Factor (ICF)
The 68 different health conditions were grouped into 15 ailment categories in this study: pains & fever, skin diseases, erectile dysfunction & impotence, and gastrointestinal system diseases. And also, gynecological issues and child care, respiratory tract infections, STDs & venereal diseases, muscular skeletal problems, poisonous animal bites, blood problems/tonic/stimulant, arthritis & inflammation, eye and ear infections, neurological & nervous system disorders, cardiovascular diseases, and other ailments (bedwetting, rituals, and to stop alcoholism). Informant consensus factor (ICF) was calculated to check the uniformity of the data provided by the respondents on the medicinal plants documented and the ailment categories treated (Table 4) . Pains & fever ailments category had ICF value of 0.88 and was the highest recorded in this study. The highest number of medicinal plants was cited for the treatment of pains and fever disease category (migraines, headaches, fever, malaria, abdominal pain, waist and body pains) for which 48% of total species (51 species) were mentioned. Out of the 51 species mentioned in this category, most (53%) were involved in the treatment of malaria. Malaria remains the leading disease among the top 10 outpatient department (OPD) attendance in the Ejisu-Juaben Municipality [38] . Species like Cleistopholis patens (68 citations), Azadirachta indica (46 citations), and Vernonia amygdalina (15 citations) frequently mentioned during the survey have also been cited in other parts of Ghana for the treatment of malaria [8, 15, 33, 36] . Similar to the findings in this study, the ICF value of malaria, fever, and headache ailment category (0.82) was the highest recorded among informants in Wonago Woreda, Ethiopia [80] . Plants used in Maonan communities in China [81] to treat fever and malaria had a high reputation and also had a high ICF value (0.73). The next highest ICF values were recorded for skin diseases, erectile dysfunction & impotence, gastrointestinal system diseases, and gynaecological issues & child care with values of 0.85, 0.81, 0.80, and 0.74 respectively. Skin diseases had high ICF values in other studies conducted in India [51] , Rodrigues Island, Mauritius [49] and Algeria [54] , with values of 0.69, 0.98 and 0.75, respectively. Although skin diseases had less number of taxa (29) , it had higher ICF value than gastro-intestinal system diseases (50 taxa). The high ICF for skin diseases could be due to better communication and information distribution among respondents on plants used to treat skin diseases resulting from high disease prevalence. Similarly, there was a better understanding among informant on plants used for erectile dysfunction & impotence (ICF = 0.81). Although a relatively high ICF value (0.68) has been reported for similar ailment category in China [81] , very low ICF values were reported for this category in Uganda [17] and in Iraq [28] and with ICF values of 0.2 and 0 respectively. The usage of a substantially higher number of plants species (50 species) to treat diseases in the gastrointestinal ailment category could mean the high occurrence in the area, likely due to low level of sanitation. Other studies in Djibouti [52] , Ethiopia [55] , Algeria [54] , and Nepal [67] also reported high ICF values for gastrointestinal ailment category with ICF values of 0.8, 0.75, 0.87, and 0.78 respectively.
The Fidelity Level (FL)
Fidelity level (FL) was calculated for the medicinal plants cited by the informants based on their relative effectiveness to treat key ailment mentioned (Table 2 ). Both A. indica and T. grandis had fidelity level of 100%. Other studies in some parts of Ghana reported high ranks for A. indica and T. grandis for treating malaria [8, 33, 36] . In countries like Uganda [82] , Nigeria [83] , and Kenya [84] , A. indica was cited for malaria treatment. Both the tablet and suspension from leaves and bark of A. indica have been reported with antimalarial activity, with the leaf suspension being more effective than the bark [85] . Aside from malaria, A. indica is also used to treat fever, typhoid, rheumatism, skin rashes, and urogenital related worms in other parts of Ghana [23, 86] . T. grandis is used in some parts of Ghana [36, 87] , Nigeria [88] , and Cote d'Ivoire [89] for treating malaria. The anthraquinones derivatives from the leaves of T. grandis have shown significant in vitro antimalarial activity [90] . In Togo, T. grandis is being used to treat malaria and diabetes mellitus [91, 92] , hair loss and dandruff in India [51] , and anemia in Benin [93] . Medicinal plants with high FL values could be prospective candidates for advanced pharmacological research to validate in vitro action [52] . Other species with high FL values in the study area were also utilized in some parts of Ghana or other countries to treat the same or different health conditions. Cleistopholis patens (FL = 91%) had been utilized in the treatment of malaria in some parts of Ghana [36, 94] and Cameroon [95] . Senna occidentalis (FL = 80%) is used to treat malaria in other parts of Ghana [94] . It has also been used to manage constipation, indigestion, and hypertension in China [81] , infertility in Nigeria [96] , and stomach complaints in Brazil [97] . Vernonia amygdalina (FL = 65%) was vastly desired in Uganda to treat malaria and convulsions [17] and for treating impotence and dandruff Ethiopia [55] . In Rodrigues Island, Mauritius, the fruit of M. charantia is consumed as a salad and was cited to be active in the treatment of diabetes mellitus and hypercholesterolemia [49] . Moreover, the leaves of M. charantia are used in the production of juice in Bangladesh for the treatment of helminthiasis and diabetes [98] . In Uganda [17] , A. boonei was used in treating malaria, hemorrhoids and malaria in Nigeria [83, 99, 100] . Senna alata was also used to treat skin diseases in Nigeria [101] and Bangladesh [102] . Phyllanthus urinaria was cited to be effective against diarrhea in Trinidad and Tobago [103] , malaria in Thailand [104] , and dental ulcer in China [105] . The low FL values of P. urinaria (38%) and Alchornea cordifolia (48%) for the treatment of piles and ulcer are likely due to the low occurrence of these ailments and hence the narrow distribution of information about their management in the study area.
Threats to Medicinal Plants and Conservation Practices
The study established that the constant availability of medicinal species in the study area is faced with some threats in their natural habitats. The key informants who collect medicinal plants on a regular basis claimed that plants were previously abundant in the natural vegetation around farmland, home compounds, roadsides, and riversides. However, none of the key informants had a garden specifically for any of the medicinal plants they cited. The Bobiri Forest Reserve is the only conservation effort that protects plants (including some medicinal plants) and animal species in the municipality [38, 106, 107] . Expansion of agricultural activities was ranked as the biggest risk to the continued availability of medicinal floras in the study area. Although most of the inhabitants of the municipality are farmers, the introduction of the President's Special Initiative (PSI) on oil palm, coupled with the siting of the Juaben Oil Mills in the municipality had increased the area of land under oil palm plantation [108] . Land area under tree crops is also increasing leading to the clearing of natural vegetation in the Municipality [109] . The threat of agricultural growth was followed by drought, excessive harvesting, and bushfires in that order (Table 5) . Agricultural expansion has also been reported to be the biggest threat to the survival of medicinal plants in studies conducted in Ethiopia [55, 80, 110] and Uganda [80] . Contrary to these results, bushfires and drought were the major threats identified by other informants in different parts of Ghana [34, 36] , with deforestation being the most mentioned threat in Ethiopia [71] . Overgrazing and floods were ranked as low threats, and this may be due to the low interest in large-scale livestock rearing and the undulating topography of this study area respectively. The Forestry Research Institute of Ghana (FORIG) has made efforts, to develop propagation methods for some of the endangered species in the municipality. However, propagation methods have been documented for only ten medicinal plant species [111] . 1  0  0  1  0  2  1  0  0  1  1  0  1  2  1  11  7th  Building and construction  2  1  1  2  1  1  2  1  1  2  2  1  1  2  1  21  6th  Bush fires  3  2  3  3  2  3  3  1  2  3  2  2  2  3  2  36  4th  Drought  3  3  2  4  3  3  2  3  3  3  4  2  2  4  3  44  2nd  Floods  0  1  0  1  0  1  0  0  1  0  1  1  0  0  1  7  8th  Firewood/Fuel  2  3  3  2  2  3  3  2  2  2  1  2  2  3  2  34  5th  Excessive harvesting  3  3  2  2  3  2  2  3  2  3  3  2  3  2  3  38  3rd Key: Values 1-5 were given: 1 is the least destructive threat, and 5 is the most destructive threat.
Conclusions
The present study indicates that medicinal plants are still relevant in primary healthcare delivery among the inhabitants of Ejisu-Juaben Municipality. The Fabaceae family was found to have had the highest number of species used in treating these ailments. The study documented 106 medicinal species used to treat 68 diseases in the study area. Also, new traditional herbal use of Hilleria latifolia, Tapinanthus bangwenis, Alternanthera pungens, Rauwolfia vomitoria, Bidens pilosa, Newbouldia laevis, Carica papaya, Kalanchoe integra, Momordica charantia, Mallotus oppositifolius, Lannea welwitschii, Eclipta alba and Vernonia amygdalina to treat "asabera" and "aseram" are reported for the first time in this study.
Asabera and aseram are local disease deemed not-for-hospital and local herbalists treat them by using herbal medicine in the study area. Although agricultural expansion could lead to food security, local healers have warned that it is a significant threat to the continued availability of medicinal plants in the Ejisu-Juaben Municipality. The key informants also listed drought and excessive harvesting as threats to medicinal plants. Also, most of the medicinal plants used in our study area were collected from the wild bushes, and are not under cultivation. This documentation could contribute to safeguarding indigenous knowledge on medicinal plants, which is still verbally transferred among local people. The therapeutic claims of useful medicinal species should be further investigated to identify the bioactive compound(s) that could further be used to develop new drugs. Funding: This study was supported by the grant-in-aid for research on Agriculture and Food Science (25029AB) from the Ministry of Agriculture, Forestry, and Fisheries of Japan. JSPS KAKENHI Grant Number 26304024 also supported this work.
